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INTRODTCTIN

A continuing stuwdy of uppsr atzosphoric winds over the lower
Wast Indies has been made possible by the firing of high altitude
ballistic probes from a sixteen-~inch gun located cn the Island of
Barbados. These firings are being carried out by the U, S. Aray
Ballistios Researsh laboratories, Aberdeen Proving Ground, Maryland,
under the direction of Dr, Charles H. Murphy, and by the Spacs Researoh
Institute of MoGill University, Canada, under the direction of
Dr. G, V., Bull,

Atmosphoric winds are studied by releasing chemical trails from
the gun-fired probes during the upper portlon of their trajectories,
.0 date, the primary chemical which has besn released is trimethyl
aluminua (TMA). TMA produces a chemiluminescent glow in regions of
the atmosphere above 85 idlometers, thus allowing the trails to be
photographod while being distorted by upper atmosphere winds, The
“hotographs are then reduced to provide wind information by SIR,
using somputer tochniques,

The purposs of this report is to summarize results of these
stwiles for the pericd from Movember 1€ through November 22, 1965,
frevious results are covered in Technical Report No, 1, issued

November, 1965, and Technical Report No. 2 issued March, 1966,
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DATA ACQUISITION

The charical trails are formed almost vertically over the
1,land of Barbados (longitude 59.4°W, latitude 13.0°N) and extend
from an altitude of §5 kilometsres through apogee., In scme firings, THA
415 also releascd on the down leg of thn trajectary. Tc the unaided eye,
the chegical release first appears as a straight white trail resembling
&2 jot oontrail, Within a minute or so, the trail is distorted into
strange shapes by the upper atmospheric winds (see Fig, 1) and fades
fooz view within approximately fiftesn minutes after initial release,

Spacs Instrumsnts Research has sstablished eight photographic
¢ ~.angulation stations on the islands of Barbados, St., Vinoent, Grenada,
2.2 lobago, with two sites per island. These islande are located to
the west and soath of Barbados at distances of 190 to 290 kilomsters
(506 g, 2). While only one site on each of two islands is required
for data reduciion purposes, the eight sites have been found necessary
bacause of cloud conditions in the area,

Bqwipent 2t cach site, built by SIR, consists of a camera unit
cuntaining two seven-inch foocal length cameras mounted on & soncrete
pedestal, arxt an electronic control. Cameras are automatically pulsed
10 take exposurss of 3, 6, and 12 seconds duration every 30 seconds,

Since commarcial power is either unrelisble or unavailable at
wost zite locatiomns, SIR has developed a battery operated 1ll5-volt powor
supply for the oontrol equipment, The power supply is tuning-fork con-
trolled and provides 60 oyole power with an acouracy of 0.005% for the

-2~
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camera programmer so that plotures can be taken simuitaneously at sach
site., A data chamber mounted on each camsra unit records time, shot
nrurbeyr, and site information in the corner of each frame of film,

A short wave radio net conneoting all sites and the launch
control center has been installed by SIR to ensble the launch coatrol
officer on Barbados to be informed of weather conditions on the islands
and to synchronize piocturs<taking operations with the firing of the gun.
Host sitos ere operated by local psrsonnel wao have been trained by SIR.

During & typical night's operation, the gun is fired at ones to
twoshour intervals, from sunset to sunrise., Photographs are taken by
all sites during ths time that the trail is visible, The film is
returned to Atlanta for processing and data reductiom.
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DATA REDUCTION

Several computer programs have baen developed which make 1t
possible to calculate uppsr etmosphere winds from measurements made
directly on tlre photographs of the luminous trails,

Since the method used is basically three-dimensional triangulstion
using spherioal trigonomstry, it is necessary to lnow precissly the
ddroction eanl camera was pointed during a given firing. Ths direction
i+ Letermined bty first taking accurate measurements of the locations
o. 2averal star images on the film, ard then computing tho azmimuth and
2se ~tion of the optical axis of the camera by means of & ouxputer
. a2, Tai: computer program mskes use of the celestial coordinates

" come 6,000 stars which have been stored on magnetic taps.

Wind speeds and directions are then determined from the location
o tae trail in rpace at & suocession of known tiwmes, The losation is
fow.a, using either a point location program or a trail location progranm,
or Loth, and depends on the nature of the chemical release.

Point iovatior method, II the chomloal relsaszo exhibits disorets

ral.vas (resulticg either from twrtulonce or from the nature of tha
s=..us0 mechanica) and these points can be identified on films from two
+; wore iglands, the point location program can be used to calowlats
*ne pouitioan .1 sach podnt in longitude, latitude, and altitude abeove
sn2 lovel,

These calculations are made from data taken at successive times,
~ %ind program is then used to caloulate both vertical and horitontal

vwinds from the motion of these points as a function of tims.



Trail loocation method, Most of the chemiocal relsases produce
a smooth trail having few, if any, identifiable points. In such cases,
filz coordinates of a large number of incremsntel points along the
film image of the trail are fod into the computer from data from two
or more islands, The trail location program attempts to triangulate
esch paint from one site with msny points from another site, finally
elicosing points from both sites whose optical paths from camers into
spase form the closest spatial intersection, After doing many hundreds
of such calealations, the computer is able to construct coordinates
for a mathemstical curve in the shape of the trail in space, Then, as
with the point location program, winds can be determined from the motion
of the ourve with time., Hers, howsver, it must bs assumed that vertical
wirds are essentlslly gero., This assumption is borne out by previous
studies whioh have shown vertical winds in this altitude region to be
of the order of a few meters per second compared to horisontal winds
ranging up to 150 metars per second.

Corrections for variables such as atmospheric refraction, rotation
of camera about optical axis, and camera focal length, are incorporated
into the programs to maintaln high accuracy. Focal length and camera
rotation are in faot calculated from measurements of the positions of
star images on the films,
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INTERPRETATION OF DATA

In the remairder of this report, horitontal wind vslocitiss are
prasented in tabular form and in plots of wind speed, direction, and
aomponanty,

Winis were caloulated at altitude intervals of one kilmmster,
Points on the various plots show the actual computed result, as listed
in the table preceding the plot, A curve has been fitted to each set
of pointa to aid in detscting wind patterns and to indicate vellability
of the plotted results. Esch curve has been drawn with a knowledge of
intermediate results leading to the wind caloulations end of the ocon-
sistency of the winds as calculated between eash of the five or six time
intervals uzed, In cases whaere point-to-.point curve fitting was not
thought to reflect actusl variations in wind speed, dirsoction, or com-
ponents, a more appropriate smooth curve has been drawn. Otherwise,
the curves ara fit%ed directly to the data points. Results of oartain
portions of the trails are at times less accurate than others due to
the spaciunl orientation of those trail segments relative to the availa.
ble photographic stations. Less accurate data also can result from
photuzraphs obsoured by haze and clouds and from trails of short duratior,

Wind speed plot, This plot shows the speed of the wind vector

in neters por ssoond as a funotion of height in kilometers above sea

lovel,

Wind diroction plot. The wind vector is uonsidered to point in

the direction toward which the wind is moving. The direction plot shows
the direction of this veotor in degrees clockwise from norih as seen
from above., Thus, a wir. direction toward the east would be 90 degross,

b
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Wind ocmponents plot. While plots of wind direction and speed

do completely descrdbe the wind vector, it has been found helpful in
studying wind patterns to presest the north-south and esst-west velooity
coxponents of the vector., In the north-south plot, nurth is positive;
south is negative, In the cast-west plot, east is positive, wast
negative, Camponents are plotted in maters per sscond versus height

in Klometers.

The wind direction and camponents described above are referenced
to true north, In addition, oamponents have been caloulated relative
to magnetic north for comparison with other ionospheric phoncmerna.
Thess ocmponents are not plotted, but are listed in the tabulations
preceding each set of plots.
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Photographs of firing Christ Church

Photographs taken 154 seconds after firing:

Barbados St. Vincent Tobago
These pictures were taken from three islands just as the vehicle reached
apogee, Note that the winds have already distaurted the trail., «Sumisenses

indieabe—aliitrdo-in-Kilosolens,

Photographs taken 244 seconds after firing:

PRY

Barbados St. Vincent Tobago

This set of pictures was taken at completion of the downtrail. The uptrail
shows the contimued effect of the winds, while the lower part of the downtrail
is new and only slightly distorted, Stars can be seen in the background of
these pictures, The positions of these stars are used to determine the exact

direction each camera was aimed.

8-




Fig. 2

Location of S,I.R. photographic statians
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Two stations are loceiad on each of the four islands, as shown., While only
one station on sach of any two islands 4s suffiocient for detormination of
wiids by triangulatimm, several stations were found necessary because of
orovalent eloud corkiiticns in the area,
also increased by use ¢f films frou more than two islands.

Agouracy of the data reduction is
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SYNGPSIS OF RESULTS

The follewing cemments may bs hulpful in interpreting the data
contained in this report. Only those shots with unusual sharacterise

tics aro discussed,

No, 30, Yorkshire

This release differed from the others in that sesium, rather than
T™MA, was released, The chemical was released as 2 podnt, rather than
a trail, at T + 94 seeonds at an altitude of 101 km, remnining viaible
for roughly 100 seconds,

The release showsa a considerable vertical motion, about 38 meters
per second, rising to abevs 105 s bsfore fading from view, The wind
is shomn plotted for 103 kx, the average height,

Ho, 31, Christ Chureh

Uptrail and downtrail results were quite eimilar for this trail.
While there were some differences betwsen uptrail and downtrail veloci.
ties, at all altitudes the poszible errors were large enough that there
n2y be no astus]l differemnces botween up and down winds,
No, 32, Dover

Uptrail results were generally better than downtrail, so the ocurve
was fitted olosar to uptrail results over most of the trail., However,
above 115 km there scsmed to be a significant difference betwoen up and
down results, so two ourves were drawn,

No, 33, Foul Bay

Here up and down results were in fair agresasnt over all of the

trail axcept for 103 through 105 km, Intermsdiate stsps in the data

roeduction showed that while the maximum south wind ococurred at 105 km

-10-
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in the wptrail, the maximmm wes arcund 103 km in the downtrail.
No, 41, Roekley

Note that in ths "vdnd direction” plot, altitudes 129 and 130 lm
do not £it the curve at all well., This is beczuse the wind was prace
tically “"calm," thus wind direction has little mesaning and large
possible errors when saloulated.

No, 42, Ssawsll

Seawsll had poor film data, causing part of the wind profile
results to be quite poor. The lowest part (from 93 to 103 km) was
good enough that we could put s curve through the dats points with some
sonfidence, However, from 104 to 110 km, we fesl that there may be
considerable error in the plotted points, thus s dotted owrve was drawm,
Abova 104 km the results wsre better, MNote that at 110 km ¢ calwm wind
caused poor direction results, as with shot Rockley.

1l
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TANE OF TRAIL INFORMATION

Date

15 Xov,

1?7 Hov,
17 ¥ev.
17 Ner,
18 Xov,

18 Now,
18 Nov,
22 Xov,

22 Nov,
22 Rovw,

Queens Port 23 MNov,

23 Nov,
23 Nov,

1965

1965
1965
1965
1965

1965
1965
1965

1965
1965
1965
1965
1965

-13-

18115100

18:15:00
19134100
23:115:00
00:45:00

03130100
05:08:00
181093100

19:30:00
22359100
01331 :00
03:28:00
05116130

Altitudes (im)
101

92.119
91-122
93-127
96127

98.117
93-119
94120

93-134
99126
100-233
95-138
91130
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TABULATIONS AND PLOTS

Thirtsen Trail Releases - November 16.23, 1965
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TRAIL EO. 30 YORESHIRE

BARBADOS 16 NOVEMBER 1965 18:15:00
WIND WIRD WIND OOMPONEWTS (M/S)
ALTITUDE HEADING VELOOITY GEOGRAPHIGC MAGNETIC
(KN) (DEG) (%/8) N-8 E-W X-8 E-¥W
10300 33707 92.# 8505 "3501 9008 "1701

NO PLOTS ARE BHOWK FOR THIS RELEASE
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BARBADOS
UP TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY

{KM) (DEG) (M/5)
33,0 4547 274
9440 363.6 14,9
95,0 2714 2201
9640 262.1 3667
97.¢ 29142 5567
98.0 301.2 7746
99.C 30446 85.8
160,0 307.0 94.3
1010 30746 114,8
102.0 30848 12449
103.0 307.3 13643
104,90 30044 14144
105.,0 296.1 12444
10640 2841 8844
107,0 27845 Tle7
108.,0 26605 52.9
109,0 24749 44,1
118.0 23042 4645
111.9 22348 5845
112.0 23804 5066
113.0 26848 32.1
114.0 32149 28,8
115,0 3.1 45,8
1160 107 5665
117.0 134 61.0
118.,0 1545 677
119.0 19.4 8540

TRAIL NOeo 31 CHRIST CHURCH
17 NOVEMBER 1965

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-w
19.1 19.6

83 ~12e5

O0e6 =22.1
-102 -3647
2002 -51.9
“002 ‘6604
4867 ~70e6
5648 ~7543
7061 -90.9
7863 =973
82.6 -108.3
716 ~12169
5448 ~111e7
2146 ~8547
1006 =70.9
~3,2 -52.8
~1646 ~4049
~29.7 =3547
~4242 =404
-2645 43,1
-0e7 -32.1
2246 =177
4547 25
5545 1045
594 lae}
6542 181
8002 2842

18-15-00 AST

MAGNETIC
N-S E-w
1447 23,1
107 -10.6

Sel -21.5

602 "’36.2
3601 —4607
5248 -56,9
6240 -59,3
7049 ~65243
87.0 -T744.8
9644 -79.5
102.8 ~89.4
9448 -104.9
763 -98.3
3845 -79.6
2447 ~6743

7.5 -52.“
“8.0 -4304
~2149 -41,0
~33.2 -48,.1
~17.2 ~47,6

58 -31,6
2547 -12.8
4443 11.7
5242 2145
553 25.8
6042 3049
7248 43,8
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TRAIL NO.

BARBADOS
DOWN TRAIL
WIND WIND
ALTITUDE HEADING VELOCITY

{KM) {DEG) {M/$S)
92.0 691 18,0
93,6 4443 2669
9440 27961 15.4
95.0 24762 2841
9640 26144 3668
970 289.8 50.4
9840 301,17 The3
9%.0 304.7 8844
100,09 307.9 9546
101.0 31043 112.8
10248 30865 12540
103,90 30842 12345
104,0 30544 12842
105,80 29443 11461
106.9 290.8 93.4
107.0 27349 7061
108,90 26246 48.8
109,49 23807 4148
11640 22148 5ie2
111490 21943 54,40
112.0 23647 3743
113.0 24860 31,9

31 CHRIST CHURCH
17 NOVEMBER 1965

WIND COMPONENTS

GEOGRAPHIC
N-$S E-w
6ol 16.8
193 1848
2604 =152
~10e9 =259
-595 ~3644
17.1 ~47 ¢4
39.0 ~63¢3
5044 =727
5847 ~75¢5
T249 -8640
778 ~97.8
1663 =971
743 1064¢5
4649 1040
33.2 =873
4e7 ~7040
-6e3 4844
=217 ~3547
-38,1 ~34,2
~41e8 -3442
=2045 -3142
-12.0 -29¢6

18-15-00 AST

(M/S)
MAGNETIC
N-S E-w
29 17.7
1541 2243
S5ed -14.4
~5e4t -27.6
200 "‘3608
263 -43,0
5140 =54,1
6‘001 '6100
7208 ‘62.1
8848 -69.5
96,0 -80.0
98 ¢4 =797
9309 -8703
6700 “920“
502 -78.8
18.8 =676
3.6 "’48.7
=14,0 -394.4
~30.4 ~41.2
-3“00 '41.9
-13.8 ~3467
'508 ’31.4



WIND COMPONENTS TRAIL NO, 31 CHRIST CHURCH

UP DOWN .
!. O & NORTH-SOUTH 17 NOVEMBER 1965 18:15:00 AST

@ A& EAST-WEST H.A.R.P. BARBADOS
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1

106

4..»
-
®

102 f-

8-

9 -

80

-126 -80 -4 0 40 % 120
SPEED (M/S)



WIND SPEED

® UP TRAIL

& DOWN TRAIL

TRAIL NO. 31 CHRIST CHURCH

17 NOVEMBER 1965

18:15:00 AST

H.A.R.P. BARBADOS

13 -

134

130 |-

126 -

122

118 =~

HEIGHT
(KM)
14 -

"o -

108 1~

i02 -

]

9

80 -

¥

!

. 1

I

40

80
SPEED (M/S)

120

168



WIND DIRECTION TRAIL NO. 31 CHRIST CHURCH
e UP TRAIL 17 NOVEMBER 1965 18:15:00 AST
}‘ A DOWN TRA!L H.A.R.P. BARBADOS

— 1 ¥ r 1 T 1 v 71T T T
138 -

134 -
130
126 =

122 -

1 "e }
! HEIGHT |

(kM)
' LI o

| n
} 106
S 102 -

j 8 -
1

1 { 1 l A | : | A { ¢ | 1 )

80 160 240 320 40 120 200
DIRECTION (DEG)




TRAIE KRO. 32 DOVER

BARBADOS 17 NOVEMBER 1965 19-34-00 AST
VP TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADIKG VELOCITY GEOGRAPHIC MAGNETIC

{EM) (DEG) (M/S) N-S E-w N=-$S E-w
91.0 32849 274 2365 =14,1 25.9 -9.1
2240 344.8 2745 2645 -Te2 27¢4 -1.7
93.0 35649 39,0 39.0 ~2a1 3846 5.8
9&.0 33409 "1203 3803 =17.9 ‘0101 _908
I5el 32302 4446 3597 ~26e¢7 40e4 -1809
9640 313.5 50,6 34,8 =367 4145 -28.9
97.9 312.8 5649 3847 ~41.8 4664 -33,1
78490 3161 62:5 451 ~43,3 5249 -33,3
99,0 317.0 T7e4 5665 ~52.8 6640 ~4043
10040 31549 8245 59.2 ~-57¢5 6946 -44 43
V1.0 31749 8449 6249 ~5649 7131 =43,0
Iveed 315.9 90e4 6449 ~6249 763 ~4B8+5
13,9 31243 1177 7942 -87.1 9542 -69,.,3
ivd, 9 31].8 103,7 691 =773 83.3 -61.7
135.0 31444 7367 51e6 ~5247 6102 ~41,2
1ub.0 31267 53,0 36.0 -38.9 43,1 ~30.8
1e7.90 288.7 20,7 6eb ~19.6 104 -17,9
32 21640 10.5 ~845 ~6e2 ~Tel -748
: 7a R 171a0 19.0 "1838 300 "1900 ‘009
11340 17246 2247 =2245 2¢9 =22+6 ~147
111.0 188¢5 22,0 =21.8 =343 ~20.7 ~-746
112,60 20343 10.5 -9e¢7 =42 ~8e7 -6,1
11300 33“06 1507 1401 ‘6'7 1502 -3.7
il4.0 35649 2761 2740 ~1le4 2647 4e1
115,90 743 47,1 4647 60 4445 15,3
116,0 97 5442 53.4 9,1 505 19,7
117.0 1262 56.1 54.9 11.9 5144 2248
118,0 1349 558 54e2 13.4 5044 24,41
119,90 9.3 4443 4367 Ts1 41 ¢4 1548
120.0 403 38,2 3861 2.9 3647 10,5
121.6 358.7 33.6 33.6 -0.8 33.1 6.0

12249 35644 35,9 35.8 ~-2e¢2 3545 Sel




TF 7 aTEER AT 1

AF TRRRIAGE o M v ¥ S e wedy Y P o - S ausenm &

R LFEIEE W ST

ERBLEE TS T

B A A i A

[

BARBADOS®
BOWN TRAIL

TRAIL NO.

ALTITYDE HEADING VELOCITY

(KM)
106,9
107.9
108.2
10¢ .0
110,90
111.0
112.6
11..¢
114.€
11540
11640
117.0
1180
119,0
120,80
121.0

WIND WIND
(DEG) (M/S)
3225 6745
310.8 50.1
29069 11,2
138.9 14,0
172.2 29,9
21861 18.7
23643 6e3
34764 2143

Tets 2445
1e3 4245
8e3 4145

2461 4049

3542 36.8

3249 3042

4842 3047

2308 23,3

32 DOVER

17 NOVEMBER 1965

WIND COMPONENTS (M/S)

GEOGRAPHIC
R-S E-w
5346 -41.1
3247 -37.9

40 -1064
~10.5 942
-2946 4e0
~14,7 ~11l46

“305 ‘502
20.8 ~&4e7
2463 3.1
4265 049
4162 6.0
373 1667
30.1 2142
2544 1604
2065 2249
2le¢3 Felt

19~34-00 AST

MAGNETIC
N-S E-w
6008 "29.4
39.7 -30.5
6.0 ~9.4
-12.1 6.9
~29.8 -2.1
-12.1 -14.,3
=2¢4 ‘508
2143 -0e4
2342 7.9
4104 9.5
39.1 14,2
33.2 23.9
2542 26,8
2146 21,2
1504 2646
1949 13,5



138

134

130

126

122

e

HEIGHT
(KM)
114

110

106

102

88

94

90

WIND COMPONENTS TRAIL NO. 32 DOVER

UP DOWN
34
© & NORTH-SOUTH 17 NOVEMBER 1965 19:34:00 AST

®@ A EAST-WEST H.A.R.P. BARBADOS

=120 -80 -40 0 40 80 120
SPEED (M/S)




E

e A

WIND SPEED

® UP TRAIL

A DOWN TRAIL

TRAIL NO. 32 DOVER
17 NOVEMBER 1965

138 -

134

130 -

126 b~

122

118

HEIGHT
(KM)
114

110

106

102

98

84 -

80 -

L

RS SR

]

' 1

L1

40

80
SPEED (M/S)

J

120

160

19:34:00 AST
H.A.R.P. BARBADOS




138

134

130

126

122

1"
HEIGHT
(#M)
114

113

106

102

]

84

50

WIND DIRECTION

TRAIL NO. 32 DOVER

17 NOVEMBER 1965

18:34:00 AST

@ UP TRAIL
A DOWN TRAIL H.A.R.P. BARBADOS
L8 7 i 1 r LA ‘[ v ] v l v ' 4 l Al
L l A L ) 1 l 1 l - 1 d l 1 l i
80 150 240 320 4 128 208

DIRECTION (DEQ)




L — PSR—
'

BARBADOS
WP TRAIL

WIND
ALTITYUDE HEADING
{KM) (DEG)
$3.0 35944
94,6 Qe¢6
3549 1e5
9640 35241
3740 349¢2
98,0 35504
99,0 24
100,09 9.8
191.0 1601
102.0 34109
103,0 23544
10440 2094
10549 19746
106,90 21644
107.9 238.8
108.€ 25Q@42
109,68 26942
116.0 24346
111.0 21467
112.,0 203,21
113,09 17843
114490 105,45
115.0 101.0
116,0 93¢3
117.0 8949
118.0 8745
11900 8547
12040 8361l
12140 8340
12249 B8le5
123.0 8448
12440 8448
1250 8404
12640 B84e7
127.0 B6e4

TRAIL NO.

WIND
VELOCITY
(M/S)
108.,0
114.7
113.7
122.7
125.2
9%.4
76.6
Tle4
6945
3562
16.3
26469
4206
49.3
40,0
3146
2344
1946
1662
1066
10,0
31,9
31,5
§).7
&oe7
49,8
5066
5064
51e¢5
5041
5047
80,1
T1le1l
70,9
7240

33 FOUL BAY

17 NOVEMBER 1965

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-w
108.0 ~-1.1
11447 13
11346 209
12146 ~1649
12340 ~2345
951 ~Teb
7665 362
7063 12.2
6646 19.3
33.5 ~1049
~9.,3 ‘1304
~-23.4 -13.2
-4046 -12.9
‘3906 '2902
'2007 -3442
-10.7 -29.7
~8e3 =219
-847 =1746
-8e¢6 -946
-908 —402
-1040 Y
~845 3047
~600 3100
=204 81,7
Oe1 4607
262 49,7
3.8 5065
6.0 50.1
642 5101
Teod 49.6
4o6 5065
Te3 79.8
760 7047
6eb 7006
405 T1e8

23-15-00 AST

MAGNETIC
N-S E-w
106.0 20.8
112.1 24,45
110.7 2548
12245 8.0
12562 1.9
9407 1108
T4e3 1846
66e4 2642
6145 32.4
3560 ~3.9
~5eb -15,0
~20.2 =177
‘3702 -20.8
-32.9 =366
'1304 “37.7
“405 '31.3
"307 '2301
=540 -19.,0
’605 -1101
~Ba7 ~6,41
’9.9 ‘106
-1405 2843
~12.1 29.1
~-10,8 40.4
"903 45.8
~7.9 49,1
~6e5 5042
°“o3 5003
-443 5143
-24+8 50,1
"507 500‘0
-9.0 796
~Tek 70.7
-708 7005

-10.1

71.2



TRAIL NOe¢ 33 FOUL BAY

BARBADOS$ 17T NOVEMBER 1965 23-15-00 AST
PGWN TRAIL
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(XKM) tDEG) {M/S) N-S E-w N-S E-w
103.9 20347 5541 ~-50e4 —222 ~4449 ~31,9
1Q4,9 202.7 5143 ~47.3 -19.8 =423 =29.,0
v Se 20201 50.1 "‘460‘0 -1809 -‘0106 "27.9
10c. 0 21446 43.2 -35.6 =2445 -29+9 -31.2
1907.v 22944 34,9 =225 ~26¢7 -1646 =30.,7
1uBcwv 2560 2645 -6e4 -25.7 ~lel ~26.5
10¢.90 25844 22.0 ~be4 ~21e5 0.0 ~21.9
11e.° 25542 22.1 ~567 ~2144 ~1.3 -22.1
11169 25144 2243 ~7el ~21a1 -2e7 -22,1
112,90 242.1 14,0 -6e¢d =12.4 -440 -13.5
1i3.9 201,0 Te2 ~6e7 =206 ~6.0 «3.9
114,0 137.5 18,4 ~13e6 1264 -15.8 94
115.90 112.8 31.0 ~1240 2846 -17.5 2546
116.,0 107.8 40,1 ~1243 3842 ~19.8 34,9
117.0 18C,5 45.7 ~Be4 4449 =173 4243
116.0 9466 49,9 ~4¢0 4967 -14.0 4749
119.0 91.1 54.8 -1lel 5448 =122 5304
120,0 9244 58,3 ~2e5 5842 -14,2 5645
121.0 89.9 5440 Oel 54.0 -10.8 52,9
122.0 9le4 5847 =le4 5846 -13.2 571
123,0 98.6 58.2 -0.6 5842 -12+4 5649

124,09 9360 66,7 =33 6446 ~1643 62,6




fasaRaais

\
3
e
4
v
3
Bt
ke
iy
A
4

138

134

130

126

122

118

HEIGHT
(KM)
114

1o

106

102

88

84

30

WIND COMPONENTS
UP DOWN
C a
o &

NORTH-SOUTH

EAST-WEST

TRAIL NO. 33 FOUL BAY

17 NOVEMBER 1965

23:15:00 AST

H.A.R.P. BARBADOS

T

¥

T

-120

-80

-40

SPEED (M/S)



ot Dt s

WIND SPEED

TRAIL NO. 33 FOUL BAY

e UP TRAIL 17 NOVEMBER 1965  23:15:00 AST
A DOWN TRAIL H.A.R.P. BARBADOS
N | o v I I
138 -~
i )
134 |~ -
126 -
122 -
118 -
HEIGHT |
(KM)
114 -
110 ard
106 -
.1
102 -
98 -
94 -
90 P =
1 | 1 | 1 | i

A0

80
SPEED (M/S)

120

160



WIND DIRECTION TRAIL NO. 33 FOUL BAY

e UP TRAIL 17 NOVEMBER 1965  23:15:00 AST
A DOWN TRAIL H.A.R.P. BARBADOS

v | ' i ' I ' ] ’ I v { ' i

N I

138 =

e #
¥

134 |-
130 -
126 -
122 |-

1y -

. HEIGHT |
(KM)
14 =

; 1o
E 106
102 -
8~

TR

80 -

AW 1 ! 1 L 1 l - s | 1 l L l (1 1

80 160 240 320 48 120 208
l DIRECTION (DEG)




k<
W
[
o
4
-
IS
3
e
b

z
K-
~

BARBADOS
WIND WIND
ALT]ITULE HEADING VELOCITY

{KH) {DEG) (H/5)
9649 35845 99.8
97.0 357.1 7844
98.0 17.0 60.4
99.0 30.7 46.5
100,0 3640 31.6
101,90 161 15.9
102.0 24743 2640
103,90 20%.0 44,4
10,0 216,0 31.0
16,0 283.0 13.9
106.0 16742 11.8
107, 134,2 10.2
108.0 11744 14.,8
197.0Q 19242 22465
118.0 9442 30.5
111,49 8746 38.6
1.0 7601 45,5
112,90 7349 5843
114.0 7041 6546
11540 65.7 7142
116.0 6640 8544
i17.90 6602 77,0
118.90 5865 80.6
119,0 573 83.5
120.0 559 B3,2
121.0 5445 81,9
122.9 $3.3 85.0
123, 4648 80.0
hod 4165 76¢2
12549 3243 73.3
1260 291 6746
127,60 2842 6642

TRAIL NOe 34 GUN HILL

18 NOVEMBER 1965

WIND COMPONENTS (M/S)

GEOGRAPHIC
N-S E-w
9908 ’207
78.3 -39
578 1766
39,9 2347
2546 18.6
15.2 bel

-10,0 =24.0
~40¢2 ~18.7
=-25.0 -18,2
‘1298 ~5e¢4
-1145 246
“701 703
-6.8 13.2
=448 22.0
-203 30.4

le6 38.6
11.0 4462
16.2 5640
2244 61.7
29.3 6449
3447 7840
38.3 6648
42.0 6867
4561 7063
4646 6849
4Te6 667
50.8 681
5448 58,3
57.0 5065
61.9 39,2
59.1 32.9
5843 3162

00-45-00 ASTY

MAGNETIC
N-S E-w
9843 17.5
77.5 12.0
53.0 28.9
3443 31,3
2143 2344
1440 Teb
-4 49 -25.5

~35.6 -26.4
~20.8 =22,9
‘1104 -7.9
-1106 0.2
‘80“ 507
‘903 1196
-9} 2046
“804 2903
~6e2 3841
1.8 4545
4.5 58,1
945 65,0
1546 6945
1842 83.4
2440 732
2742 75.8
3060 78.0
3167 7649
33.1 T449
36.0 770
419 6862
4546 6140
52417 50,49
512 4442
50.8 4243

oo oo



e

s AR

K.
R

S Y
T

138

134

130

126

122

18

HEIGHT
(KM)
114

110

106

102

88

84

80

WIND COMPONENTS

TRAIL NO. 34 GUN HiLL

UP DOWN
18 NOVEMB :45:00 AST

O & NORTH-SOUTH EMBER 1965  00:45

@ & EAST-WEST H.A.R.P. BARBADOS

] ' L § 1 § l' [ l i) ]' ]  § ! k4
> J
- .
P— aswd
3 .
. —
Fl o
- 4
how —y
P- -
e b
i B
p ‘1

!
N N P Lo 1 i
-120 -40 0 40 80 120

SPEED (M/S)



— g EORG

WIND SPEED

® UP TRAIL
& DOWN TRAIL

TRAIL NO. 34 GUN HILL

18 NOVEMBER 1965  00:45:00 AST

H.A.R.P. BARBADOS

- |

138 —
134 |-
130 |-
126

122 -

HEIGHT
(KM)
114 -

r-

1o =
106
102 -
88 -
94 -

80 -

T

LR DL | L |

1 . 1 5

L.

1 1 A 1 A ]

40

80 120 160
SPEED (M/S)

EREE g |



WIND DIRECTION TRAIL NO. 34 GUN HILL
e UP TRAIL 18 NOVEMBER 1965  (0:45:00 AST
4 DOWHN TRAIL H.A.R.P. BARBADOS

1 ¥ T T

138

[ELN o

130 1~

126 b=

122 -

ns -

HEIGHT
(KM)
1L o

i -

196 =~

102 -

(LN o

3 |-

80 -

1 | 1 | 1 J 4 | P 1 | 1 1

-

80 160 248 320 40 128 280
DIRECTION (DEQG)



TRAIL NCe 35 INDIAN GROUND

BARBADOS 18 NOVEMBER 1965 03-30-00 AST
WING WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
tKM) (DEG) {M/5) N-S E~-w N-S E-w
9840 23600 9241 -51.5 =763 -3500 "8501
99.¢ 2296 70.8 ~4549 -53,9 -34.1 ~62.1
109,90 23546 106.5 -60,2 -87.8 -4]1.2 -98,2
101e¥ 243.1 1361 -61.7 -121.3 -35%.9 -131.3
102.0 24649 148,11 -58.0 ~136¢2 -29.3 -145,1
1Ga, ¥ 243,0 10146 4642 -90.8 -26.9 -98,3
104,6 28245 68.3 14,7 =667 2769 -62.32
105.0 32346 57.8 465 -3443 52¢5 =2442
106, 23 6845 6845 27 6645 1645
107.0 2548 92.4 83.2 4002 730 %642
108.V 3901 9744 8‘002 4849 7266 61009
109,V 3642 102.8 83.0 60.8 69.0 764"
110.0 4441 100.4 7201 69.9 5905 gi.t
111,0 5242 103.7 63+6 B1.9 4567 93,1
ti2ev 5662 107.2 59.6 89.1 40.4 99 . -
ML) 58,5 10746 5643 91.8 36.6 1nl,n
1.9V 6240 10645 49,9 94,1 79.8 17242
11%.0 7549 89,2 2)e7 B645 3.6 8%
1160 G648 82.6 -9.8 82.0 =262 7841

17 1063 85.8 =277 8le2 -4345 73,9




L e i e —W bt A« W e

g

Snsran ey m' FimitiSiin,
‘ "

138

134

130

126

122

11

HEIGHT
(KM)
14

10

106

102

88

94

90

WIND COMPONENTS

UP DOWN
C o
@ a

NORTH-SOUTH
EAST-WESY

TRAIL NO. 35

INDIAN GROUND
18 NOYEMBER 1965

03:30:00 AST

H.A.R.P. BARBADOS

[ ! 1)

1

-1

-120

-80

SPEED (M/S)




R

WIND SPEED TRAIL NO. 35 INDIAN GROUND
! ® UP TRAIL 18 NOVEMBER 1965 03:30:00 AST
A DOWN TRAIL H.A.R.P. BARBADOS
L I 1 4 l' [ ' | ]
138 |- —
r -l
134 +~ -
130 b= -
126 b= —~
122 P~ -
118 ~
HEIGHT 5 N
(KM)
114 - -
1o = -
106 |- -
102 - -
L d
98 - -
84 |- -t
90 }-— -
1 | 1 | 4 } 1 {
40 80 120 180

SPEED (M/S)




WIND DIRECTION TRAIL NO. 35 INDIAN GROUND
18 NOVEMBER 1965  03:30:00AST

® UP TRAIL
(" A DOWN TRAIL H.A.R.P. BARBADOS

. AN RSN M SEEM BEGEES SuEn S SENMNE MR NN SN BRSNS
5 { -
, 138 b

124 -

i

130 b

126 P~
V»: 122 1~
L
z§ ‘ 8
%. ns -~
, HEIGHT |
: (KM)
A “4 =
! "

1 b
3 e
f 106 b=
102 |-
9 I~
4 R
2
94 |-
o 30 |-
- '
i3 ( i | l I ’ 2 l % l ' L } l - | l
: 80 160 240 320 48 120 20
: [ DIRECTION (DEG)

] A ST i,



3 TRAIL NO. 36 JAMESTOWN

i BARBADGS 18 NOVEMBER 1965 05-08-00 AST
WIND WIND WIND COMPONENTS (M/S5)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC

{tKM) {(CEG) (H/S) N-5 E~-W N-S E-w

93,0 27840 49,0 69 4845 166 -46.!

9"00 25603 68.1 "1602 "6602 —205 ‘68.\

95.0 247 ¢4 70.‘0 "2701 -6540 -13.4 ‘59.1

5640 24146 80.7 -38.4 -71.0 -23.2 -77.,3

yloG 2394 104,9 -5344 -9043 -34.0 -96,°?2

Cga W 236e4 95.3 -52.7 =794 ~3546 -88.4

e 2681 83.3 -3141 -77.3 ~1448 ~82.,0

, 10U 26344 10942 =125 -108e5 9e1 ~106.8

i il 28643 9345 2643 -89e7 3.9 ~B24+5
B Ivdew 309.7 6549 42.1 -50e7 5145 —4la1
B 10340 34340 5641 53¢6 ~16+4 5548 -542

‘9440 3e¢4 6le3 612 346 5942 1549

1Usetd 2046 72.8 6801 2546 61.5 38.8

10640 329 81.6 6845 4444 58,1 57.3

ivie0 5169 10545 65.0 83.0 4649 94

10840 5942 11747 602 101.1 3845 111,2

109,09 6649 122,0 4749 11243 2442 119.7

110.,0Q 7049 123.4 4064 11646 16.0 12244

1i1.0 917 130.5 ~3.9 130,44 -30e2 12649

-3 11240 9542 12445 -11.3 12440 -36.1 119.2
" § 113490 1016 113.9 —2249 1116 -4540 10447
> 11460 10245 9349 -2062 917 -3843 8567
115.9 9849 8345 ~12.8 8245 -2942 7842

11640 106.8 61.5 ~11.5 604 -2345 5648

9 1170 181.3 40,2 =749 39.4 -1547 37.0
11840 106.2 40,3 -11.2 3847 -18.8 3546

119.0 Q4.4 49,5 -3.8 4943 -13.7 4745




i

WIND COMPONENTS
UP DOWN
o a
o A

TRAIL NO. 36 JAMESTOWN
18 NOVEMBER 1965 05:08:00 ASY
H.A.R.P. BARBADOS

NORTH-SCUTH
EAST- WEST

138

134

130

126

122

118

YEIGHT
(KM)
114

19

106

98

94

D
“?

T

L4

T

I

L]

r

-120

-80

-40

SPEED (M/S)




WIND SPEED TRAIL NO. 36 JAMESTOWN
18 NOVEMBER 1965 05:08:00 AST

@ UP TRAIL
A DOWN TRAIL H.A.R.P. BARBADOS
LA r | ' L | l 1 I
P -y
138 b~ -
- -
134 -
P -4
130 b ~
126 P~ ~
b .
122 - -
18 - -
HEIGHT . N
(KM)
114 - -
1o - -
- -
106 -
r -
102 = -
8% -
- 1
94 - -
- -y
90 - -
- .
1 | [ | 1 | 1 |
40 80 120 160

SPEED (M/S)

P




WIND DIRECTION TRAIL NO. 36 JAMESTOWN
e UP TRAIL 18 NOVEMBER 1965  05:08:00 AST
A DOWN TRAIL H.A.R.P. EARBADOS

wasig

L 3 I i “ B l L B ]  § I Ly ‘  § l

s?
T

138 I~

134

130

126 =

122 ¢~

s =

HWEtGHT
(KM)
114 p~

i 1w -

106

102 -

8~

94 -

90 {=-

) - _[ ' ’ i l A _l 3 l | i

80 160 240 320 48 120 208
OIRECTION (DEG)

PYr——




TRAIL NOs 37 MAXWELL

BARBADOS 22 NOVEHMBER 1965 18-09-00 AST
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNRETIC
{KM) {DEG) (M/S) N-S E-W N-S E-w
5440 261 ek 5le7 -7.8 =51.1 241 -51.6
95,0 26449 5565 -5.0 -5542 6e3 =55.1
9640 27046 6267 07 ~6246 13.3 -61.2
97.0 27848 7843 12.0 ~77e4 27 ¢4 -73.4
98.0 2876 86.6 262 -8246 4244 ~7546
99,0 288.0 8843 273 -840 4347 =767
100.0 29004 88.6 3009 “8300 16700 ‘75.0
101.0 29244 T6e 4 2942 -70.7 4249 -63.3
102.0 29347 74648 30.0 -68.5 43,2 ~61,0
103,0 29049 5547 19.8 ~5241 29,9 =-47,0
104,0 262 ¢4 525 200 -48 46 2944 -43,6
105.0 28006 49.3 9-1 4845 1807 "10507
105649 27565 37.5 3¢6 -37.3 11,1 ~35,8
107.0 24267 21le4 ~9.8 -19.0 -5.8 ~20e6
108,0 232.8 2044 ~1243 ~16e2 ~848 ~18.4
109:0 286.1 19.0 3.3 -1847 7.0 =176
116.0 31145 28.8 19,1 =2146 23.1 -17.3
111.0 332.9 42.1 37.5 -1942 4046 ~11.2
11240 34442 60.5 5842 -1645 6043 -4 44
113,90 35265 7046 7040 ~9e4 T70e5 4,49
114.0 3555 7608 1666 -6l 7643 945
115.0 1742 72,1 6868 213 63,1 34,8
11660 43.6 Tia.1 5145 491 4065 5845
1170 5667 68617 377 5Tels 2543 63,8
118.0 69.8 6945 2440 6542 1043 68,7
119.0 7844 1206 1446 Tle2 ~0e1 727

128.0 8246 7608 969 762 =547 7646

St s




Y 2 £
e

WIND COMPONENTS TRAIL NO. 37 MAXWELL

UP DOWM .
:09:00 AST
6 & NORTH-SOUTH 22 NOVEMBER 1965 18:09:0

@ & EAST-WEST H.A.R.P. BARBADOS

¥ ‘ | ‘ ] " 1 r L] ' L] l LI l L8

138 P~

—— B

134

130

126

122 -

- ng =

.  HEIGHT L
(KM)
114 - .

1 -

X Tan £
v

B owe;
¥

g -

[
¥

102 - ®
1 98 f~
94 |~

86 -

-120 -80 -40 0 40 80 120
SPEED (M/S)




WIND SPEED TRAIL NO. 37 MAXWELL
22 NOVEMBER 1965 18:03:00 AST

9 UP TRAIL
A DOWN TRAIL H.A.R.P. BARBADOS
A B RO EEL
13§ - -
134 -1
130 |- -
126 - -
o N
122 b~ -1
18 - -
HEIGHT . -
(KM)
14 - -t
b o
g - -
106 -~
S p
102 }- -
™
2 -
98 s —
9 - -
- 1
80 b~ -
a1 ) L g | 1 L

40 80 120 160




WIND DIRECTION TRAIL NO. 37 MAXWELL
| o UP TRAIL 22 NOVEMBER 1965 18:09:00 AST
] A DOWN TRAIL H.A.R.P. BARBADOS

1 4 ' 4 l 4 ] ] l T | A\ l 13 l ]
'l - -y
136 . .
134 - i
120 -
126 B -
| 1
122 |- -
18 = -
HEIGHT | i

(KM)

‘ 114 - -
; 116 b= =
" 1‘
106 b= —-{
102 [~ -
98 - -
94 |- -
r— -y
’ §0 -
L | ‘-
PR | 3 1 1 ! 4 { e } J | 1 | N

80 160 240 320 4 120 200
i DIRECTION (DEG)




TRAIL NOo 38 NEEDHAM’S POINT

BARBADOS 22 NOVEMBER 1965 19-30-00 AST
WIND WIND WIND COMPONENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) {DEG) (M/S) N-S E-w N-S E-w
93.9 24T ¢4 1300 =560 -12.0 -2¢5 _12.8
91%00 27907 50.7 805 -‘0909 18.‘0 "47.2
95.0 2814 714 14,1 ~70.0 28.0 -65,7
9690 28500 800‘4 2008 "7706 3601 "71.8
97.0 28643 91,2 2547 ~87e5 4249 =805
9840 28917 107.1 36.0 -100.,9 5547 -91.5
99.0 29604 95.6 4246 -8546 59.0 -7542
100,0 302.8 93,2 5045 ~7844 65,3 -6646
101,0 31642 8544 61t ~59.1 7243 “4544
102.0 32646 80,4 67.1 ~44463 Thel -29.8
103,0 3365 82,9 76,0 -33.0 Blel -1649
104.0 341.0 85.7 811 =279 851 -10.9
105.0 34660 84,0 8l¢5 ~2043 83.9 =34
1060 34545 73.0 7067 ~18,2 T72.9 =365
107.9 339.7 57.9 5443 -20.1 5742 ~8e7
108.0 319.0 33.8 2545 ~2242 2945 ~16¢6
109.0 31006 27,1 177 ~2046 215 ~16+6
116,90 26647 28,2 ~le6 -28.1 461 -27.8
1110 20546 2344 ~21.1 -10,1 -18.6 ~1442
112.0 109.8 2540 ~8e5 2345 -13.1 2163
113,90 160.,0 50,6 ~848 49.9 -1847 47,1
11‘000 10300 5802 —1301 5607 -24463 5209
115.9 104.8 65,0 ~16+6 62.9 -29.0 5842
116.0 112.1 68,5 =258 63.5 -38,1 57.0
117.0 ‘32-1 7806 "52.7 58.3 "63.4 ‘06."4
118.0 128.8 84.6 ~53.0 6640 -65.3 53.9
115.0 138.2 83.9 ~62.6 55.9 -72.6 42,1
1‘9&0 14800 7541 -64.1 39,1 -70e1 2503
121,90 1550 6667 -60.5 2842 -65.0 15,4
1220 16443 59,3 ~5Te1 1640 ~59.2 4ol
123,90 18243 5264 ~5243 -Zel ~50.8 ~1246
12449 18549 50,9 ~50.7 -542 -4846 -15.3
125.0 199.9 5445 =51.2 ~18.6 4644 ~2Be6
126.0 21245 57,0 ~48.1 -30.7 ~40e9 =39.6
127.0 22403 62.9 45,0 ~43,9 -3542 ‘52.1
12840 23242 70.1 =4340 -5544 -30.9 "63.0
129.0 23646 60.4 ~4443 ~672 ~29.8 ~T448
136.0 24240 85.6 -‘0002 -7546 ~2441 "82.2
13140 24742 87.8 =34.0 -81.0 ~16.9 ~86e2
13200 25346 8649 -2445 -83.4 ~Tel -86e6
133.9 25649 91.9 -20.9 -89.5 =2¢4 ~91.,9

134.0 26343 102,2 =120 -10145 8.8 ~101.8




WIND COMPONENTS TRAIL NO. 38 NEEDHAMS POINT
UP DOWN
2N R 1965 :30:00A
i O & NORTH-SOUTH 22 NOVEMBE 19:30:00AST
f E @ & EAST-WEST H.A.R.P. BARBADOS
¥ ' R " L § l | l | 4 l L] l 1§ !
: ! 138 -
T -
- 134 - ~ :
! i ! 7
{. S/
130 }- S
126 f~ y
2 ' EA
. “8 - | “ $
H o 'Y
] HEIGHT | "
(KM) .
. 14 b &
I . ;
§ 10 . :
‘ 0
. L ’ 9
i 106 v .
, 8 ()
| 102 p~ . pe
b i .
) 9 |- :
f 94 5 o
} 90 -
'
! L L | P | 2 i 1 1 L 1 3 | N 1 ¢
-120 -83 -¢0 0 40 80 120
f SPEED (M/S)




WIND SPEED TRAIL NO. 38 NEEDHAMS POINT
22 NOVEMBER 1965  19:30:00AST

@ UP TRAIL
A DOWN TRAIL H.A.R.P. BARBADOS
N 1 v | | t

b -l

‘38 - -

134 - -

- 1

130 - -

126 = -

122 P~ )

b .

e — -~
HEIGHT " -

(KM)

14 - -

L o -~

106 = -

102 - -

98 - -

o «

% ~

o o

gu e L

1 | 1 | 1 | 1L L

40 80 120 160
SPEED (M/S)




| ! WIND DIRECTION TRAIL NO. 38 NEEDHAMS POINT
e UP TRAIL 22 NOVEMBER 1965  19:30:00AST
| 4 DOWN TRAIL H.A.R.P. BARBADOS

138 |-
134 - /
-

126 b~
122 -

. ns -

3‘ HEIGHT
(KM)

’ b

1 -~
106 -

102 -

) 98 ~
% 94 |-

80 i~

i l A l 'l l —d l () l 1 l 1 l 4

80 160 240 320 4 120 200
DIRECTION (DEG)




TRAIL NOe 39 PARAGON

BARBADOS 22 NOVEMBER 1965 22-59-00 ASTY
WIND WIND WIND COMPONEMTS (M/S)
ALTITWPE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(KM) {(DEG) (M/S) N-S E-w N-S E-W
9900 33‘001 5900 5300 -25.8 5701 ‘1‘005
100.0 344,43 5249 50¢9 =143 5247 =3.7
10140 34944 5146 507 ~9e¢5 51e6 0.9
102.0 35443 5066 503 -5.0 50¢3 5.3
103,0 3.3 53.1 53.0 3.0 51e3 13,7
10440 34843 551 54.0 ~11e2 551 0.0
1050 34648 5604 549 -12.9 564 ~1.5
106.0 35867 5746 57e¢5 ~1e3 5646 104
107.0 1546 4949 48e1 1345 445 ¢4 2249
108,90 19.9 5344 5062 1842 4545 28,0
109.0 51a5 6046 377 4704 2743 54,0
11000 9000 78.7 000 7807 “1509 77.1
11100 13000 126.7 "8104 9701 ~-99.4 78.6
112.9 13143 133.6 -88.1 100.4 ~10646 8045
113.0 13242 137.9 ~G247 102.1 =111.4 81.2
114,90 13442 133.1 =92.7 9545 -110.1 748
115.0 13500 129.0 “91.2 9101 -107c7 70.8
116.0 13302 13001 "89-2 9408 -106-5 74.8
117.0 1324 12845 -8647 9449 -106.1 75¢4
118.0 12942 1266 -8040 98.1 ~98.2 79,9
119,90 12446 11642 ~66¢0 9547 -84.0 80.4
120490 114.2 667 ~2Te4 6048 -39.1 54,0
121.0 9846 5443 ~8e2 5367 ~18.9 5069
122.0 89.2 5344 0.8 53e¢4 -10.0 525
123.0 6448 4165 1747 3745 Ge8 403
12449 3348 44 04 3740 2407 31.2 31.7
12540 1849 5667 537 1844 4849 28.9%

12640 35848 7849 7849 ~le? 7766 14.3




g WIND COMPONENTS TRAIL NO. 39 PARAGON
: UP DOWN o
, O & NORTH-SOUTH 22 NOVEMRBER 1965 22:59:00AST

® A& EAST-WEST H.A.R.P. BARBADOS

L4 ‘ v I' L ‘ [} ]’ 1 4 j v ‘ LB ]

138 ~

) 4 |-

130 -

g -
B 126
4
l

!

k 122 -

i 1 =
: . HEIGHT |k
E: (KM)
; 14 =

| 1 -~

| 106 |~

:
. b
<5 +
102 =
X
-

% I~
9% -

80 -

k. l i l A L )3 l ) . l . j -y 1 -

-120 -80 -40 0 40 80 120
SPEED {M/S)




WIND SPEED TRAIL NO. 39 PARAGON
22 NOVEMBER 1965  22:59:00 AST

® UP TRAIL
A DOWN TRAIL H.A.R.P. BARBADOS
Y I Y T T T T 1
138 |- -
134 — -
130 -
126 b~ -
122 - ~
L J
118 -
HEIGHT 5 -
(KM)
P14 - o~
106 +— -
102 i~ -
98 -
94 - -
9 }- -
1 | 1 i 1 [ § |
40 80 120 160

SPEED (M/S)
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138

134

130

126
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HEIGHT
(KM)
4

110

106

102

84

80

WIND DIRECTION

® UP TRAIL
A DOWN TRAIL

TRAIL NO. 39 PARAGON
22 NOVEMBER 1965
M.A.R.P. BARBADOS

} TR Y |

240 320 46

DIRECTION (DEQ)

22:59:00 AST

-d



TRAIL NOs 40 QUEEN S FORT

BARBADOS 23 NOVEMBZLR 1965 01-31-00 AST
wiHND WIND HIND COMPONENTS (M/S)

ALY ITUDE HEAPYNG  VELGCHTY GEOGKAPHIC MAGNETIC
(KM IDERY IM/S) ) Eat N-S E-w
00,48 R TiI.w 29.% 5.0 47,9 62.8
101.9 Gled P N AP ~154% 6664
10240 110.8 HIL ~n751 1e5 -4140 6445
10390 13209 8609 -5902 6306 “7908 5003
104409 14445 9043 -7345 52e4 -82.6 3645
105.0 1613 81.6 ~T7e2 2662 -80e9 10.0
,,'f, 10609 18903 72.‘0 "720‘} "003 "7003 “1‘4.9
g | 107.0 1794 6343 ~6303 007 -62s1 -12.1
N 108.0 172.8 5462 -53.8 68 -5461 ~492
. | 109.9 15944 49 o4 ~46¢3 174 -4849 7.7
t 110.0 13543 468 ~33.8 3243 -39.6 2448
; 111.0 127.8 4746 ~2942 37+6 ~3642 3069
11200 116+8 ‘90‘5 "1803 3602 "2502 31.8
B 1130 10948 39,4 ~13e¢4 37.0 -20e6 33.5
X 114.,0 946 277 -242 2746 ~Te7 2646
: 115,0 89.1 254% Osd 2544 ~b4o7 25,0
4 11640 5548 1662 9.1 134 6e2 1540
> 117,90 35942 182 182 =043 1749 3.4
i3 11840 32541 3261 2643 ~18e¢4 2945 -1207
k: 119.@ 31041 5946 38e4 =4546 4648 ~3649
3 12040 3663 7848 4607 -63¢5 58 ¢6 ~5247
1210 3069 9604 55¢2 ~79¢1 7061 -6643
12200 36540 108,5 622 -88+8 7849 ~Th &
12340 30640 113,9 6649 ~62e2 84e2 -7608
3 124,90 30843 120.8 748 -9449 924 -77.8
3 125.0 31044 12564 81e3 ~9545 9849 -77.1
3 12640 311.8 131.5 87¢7 -98,0 10547 -78,2
% 127.0 31342 13644 9344 «99,5 111.6 ~7846
A 128,90 31343 13647 93,7 -9945 1119 -7845
¥ 129.9 31342 14048 96e4 -10246 11542 -81.0
3 130.0 31145 139.2 9201 -10443 111.3 -83,5
3 131.0 30942 12561 79.0 -97.0 97.0 ~79.0
K 13240 303.1 108.9 5945 -91e2 767 ~7743
133,0 30047 10648 5446 ~91.8 7260 =789




138

134

130

126

122

118

HEIGHT
(KM)
114

110

106

102

84

80

WIND COMPONENTS

TRAIL NO. 40

QUEENS FORT

UP DOWN iy
R 1965 01:31:00 AST
O & NORTH-SOUTH 23 NOVEMBE
® A EAST-WEST H.A.R.P, BARBADOS
L] ‘ 3 r B '  § l | ‘ | ] ‘ 'a
N D IR U R TP D
-120 -80 -40 0 40 80 120

SPEED (M/S)




WIND SPEED TRAIL NC. 40 QUEENS FORT

e UP TRAIL 23 NOVEMBER 1965  01:31:00 AST
A DOWN TRAIL H.A.R.P. BARBADOS

4 I 1§ I 1 T ¥ F

138 |- ~

134 = o~

130 o -t

126 p= ~

122 - -

2 §

1" - —

HEIGHT L )
(KM)
114 - -

106 [~ -

[

i

[

[
Y T I
n

i

i

|

i

98 I~ -

94 - -

80 - -

1 | A 1 4 i 1 ]
40 80 120 160
SPEED (M/S)




WIND DIRECTION TRAIL NO. 40 QUEENS FORT
23 NOVEMBER 1965  0Q1:31:CO AST

H.A.R.P. BARBADOQS

e UP TRAIL
4 DOWN TRAIL

|
|
|
i
i
|
|
i
|
1
1

;u-n-) :’A&Q % R 1

-

138

134

130

126

122

18

HEIGHT
(KM)
14

110

106

102

84

80

v ' R4 ' v

A l Il ,L Y

L

| IS IS S |

oy

T

80 169

249 320 4
OIRECTION (DEQ)



TRAIL KOs 41 ROCKLEY

BARBADCS 23 NOVEMBER 1945 03-28-00 AST
WIND WIND WIND COMPOMENTS (M/S)
ALTITUDE HEADING VELOCITY GEOGRAPHIC MAGNETIC
(kM) {DEG) (M/S) N-$§ E-w N=-$ C-w
95.0 212 97.1 9045 //5’3502 81,5 52.8
96.9 83,6 S4e4 6el 5440 -4.9 5441
97.0 98,3 55e4 ~8s1 5449 -19.0 52,1
9840 11464 63,2 ~26+1 5745 ~37.2 51e0
99.¢ 140.3 71,9 ~5543 45.9 ~63e4 33,8
100,0 179.8 105.1 -105.1 0.3 -103.0 -21.,0
101,98 19244 107.9 =10544 ~23.2 ~9845 -44,0
102,0 201.5 113,5 -105.6 ~4]146 -95,0 -62.1
103,0 20945 11647 ~101.6 =575 ~87.9 =769
104.,0 21647 111.7 -89.5 =6648 ~T4e1 ~83,5
105.90 22349 110.8 =79.8 ~7649 =626 -91,.4
106.0 255‘1 85.7 "2201 -82.8 -4 49 “'85.6
107.0 274 ¢4 5344 bel -53,3 14,8 -51.4
10840 313¢1 23,0 1547 -16.8 18.8 -13.3
109.0 3484 13.3 13.0 267 1363 0.0
116.0 40,0 19.9 152 1248 12.3 1546
ill,0 6746 3064 11.9 2840 6.0 29.8
112.0 875 3846 1.7 3846 -6e1l 38,1
11340 91.8 4247 ~1.3 4206 -9.9 41,5
114,90 1051 35,0 =91 33.8 -15.7 31.3
115.0 101.8 4069 ~8e4 40.1 -1643 3746
116.0 127.9 23,8 ~14.6 18.8 -18.1 15,5
117.0 2361 17,9 -10.0 ~14.9 ~648 -16,6
118.0 28345 4445 1044 ~4342 18.9 ~4042
119.0 29447 4949 2046 -46543 29.6 ~40,1
120,0 30144 5246 274 “4449 35,9 ~3864
121,90 307.5 5445 33.1 =433 4142 -35.7
122,0 3165 5840 5201 =4040 4943 =30e7
12340 32144 6le7 4842 ~3845 5540 -28,0
124.9 32746 6545 561 ~35.6 6201 =2345
125,90 32248 60,3 4840 =365 S54.4 -2640
12649 32842 54,0 4549 ~2845 5067 ~18.6
127,90 32549 3603 30.1 ~2044 33.6 -13.9
128.,0 33844 2745 2546 -10.1 27.1 =647
129.0 216901 703 “206 -648 -102 -7.2
130.0 18847 10.3 -10.2 -146 -9.7 -3.,6
131,90 129.5 9.0 ~507 69 -740 566
132.0 1515 183 -16.1 8e7 =175 53
133.0 16342 3640 =34.5 104 =35.9 3.2
134,60 16045 4540 =424 15.0 ~4446 6e1
135.0 15147 51.0 ~4449 2442 ~48.9 1446
13640 151.0 570 ~49.9 2746 =545 169
137.0 15242 64,0 ~58e6 29s9 -61.5 17.86

138.0 149.1 5649 -48.9 2942 -53.8 18.7
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WIND COMPONENTS

TRAIL NO. 41
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SPEED (M/S)
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N R 1965 :28:00AST
O & NORTH-SOUTH 23 NOVEMBER 1 o
® & EAST-WEST H.A.R.P. BARBADOS
' | T | | ' } ' 1 ' I
= o]
o 0
(o]
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b
L 1 1 | | ) | 1 } N ] N 1 1 -f
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g WiND SPEED TRAIL NO. 41 ROCKLEY
o UP TRAIL 23 NOVEMBER 1965  03:28:00AST
E & DOWN TRAIL H.A.R.P. BARBADOS

' | ! ! ' I ! i
138 ° o
14 - -
130 b= -
; 126 - -
122 P~ -

ne - -

3 HEIGHT | )

(KM) ®

4 L o o -
1o b= -

106 - -
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40 80 120 160
SPEED (M/S)
¢



134

130

18
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1

HEIGHT
(KM)
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WIND DIRECTION

@ UP TRAIL
4 DOWN TRAIL

TRAIL NO. 41 ROCKLEY

23 NOVEMBER 1965
H.A.R.P. EARBADOS

03:28:00AST
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]’ ¥ T“ ¥ j
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¥

-

o

48 320 ®
DIRECTION (DEG)
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1 TRAIL NOe 42 SEAWELL
R BARBADOS 23 NOVEMBER 1965 05~16-30 AST
= WIND WIND WAIND COMPONENTS (M/S)
ALTITYUBE HEADING VELOCITY GEOGRAPHIC MAGNETIC
{KM) (DEG) {(M/S) N-S E-w N-$S E-w
. 91,0 36l Sle4 4166 3063 34,6 38.1
9240 8548 2101 15 21¢l -2.8 21,0
9340 157.1 37.8 -3449 1447 =37e2 T3
9440 192.1 9448 ~92¢7 -19.9 -86.8 -38,2
) 9540Q d1l.1 12644 ~-108.3 -6542 ~92,.9 ~-85,.,8
5649 21905 130.6 -10007 ~83,1 ~B8la8 -101,7
97.0 21609 120.6 ‘9605 '72.‘6 "79.9 "90010
9840 22243 147,.,5 ~109.1 -99,2 ~86.8 -119,2
9948 2213 12944 -97.2 ~85.4 ~-77.9 -103,3
16040 22549 12546 -87e4 =90,2 674 ~106.0
191,90 2306.0 119.,7 ~T76¢9 -91.7 -5648 -105.,4
192,0 23243 105.0 ~64 02 -83.1 ~4661 ~9444
10340 239.8 12845 ~64¢5 -111.1 ~4047 -121,8
104.0 26047 148,.,8 2462 ~146.8 6.0 -148,7
105,0 26844 141.2 =349 ~141.2 2447 -139.!
166,0 2760 137.8 1465 -137.,0 41.9 -121.2
197.0 302.1 7162 3749 ~60e4 493 ~51,5
.50 34649 69,3 675 “15.7 6943 -1e7
109.6 34042 516 4846 =175 5le1 ~743
. 2ol 2378 1944 <104 -1644 -649 ~18.2
11169 16040 3046 -23e4 19.6 ~-2649 14.5
1r2.0 129.3 34,6 -2109 2648 ~26.9 21,8
113.0 128,.1 38.9 -23.9 30.6 ~296 25,1
11449 11944 43,7 =215 38.1 -28.8 33,0
11500 11902 “708 ‘1605 44 .8 "25.2 6005
1.6e0 9441 44,42 -3e2 4441 -12.1 4245
1170 7764 38¢5 B8e4 3746 Qeb 3845
118,¢ 28240 15,1 -14.0 =541 ~1246 ~B8s4
2:9.0 2025 29,1 -2569 -11.2 ‘2401 “16.4
12940 19742 36.8 -35,2 -1049 -32.3 -17.8
121490 1916 4543 ~4443 ~9.1 ~4145 -17.9
12200 18708 49,6 ~£942 -6e7 ~46.8 ~16e5
12340 183.3 5161 ~5140 ~249 ~49.4 -13.2
124,0 16347 54.9 ~52e7 154 =547 404
12540 15947 58,8 -55a1 2044 -58.1 8.8
12600 159.3 6567 ~6le4 2343 -6448 1044
1276 159.7 7242 ~-6767 25.1 =714 10,9
128,0 1615 76¢4 -T2e5 2402 -7549 9.0
129,90 1610 7542 ~71le1 2605 -7446 9.6
136.0 15607 73,7 ~6Te7 29,1 =722 16,8




{, WIND COMPONENTS TRAIL 8O 42 SEAWELL

UP DOWN 23 NOVEMBER 1965  05:16:30AST
. O & NORTH-SGUTH
{; @ & EAST-WEST H.A.R.P. BARBADCS
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WIND DIRECTION TRAIL NO. 42 SEAWELL
e UP TRAIL 23 NOVEMBER 1965  (05:16:30AST
. 4 DOWN TRAIL H.A.R.P. BARBADOS
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" 0On the night of 17-18 loveaber 1965, six luminous Etfails were
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